(12) INTERNATIONALIB^JCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
24 December 2003 (24.12.2003) 




PCT 



(10) International Publication Number 

WO 03/106263 Al 



(51) International Patent Classification 7 : B64D 33/04, 
F01N 1/24, G10K 11/162 

(21) International Application Number: PCT/SE03/00670 

(22) International Filing Date: 25 April 2003 (25.04.2003) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

0201790-3 



English 



English 



12 June 2002 (12.06.2002) SE 



(71) Applicant (for all designated States except US): SAAB AB 
[SE/SE]; S-581 88 Linkdping (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SARIN, Sohan 
[NL/NL]; V.D. Berghlaan 183, 2132 AD Hofddorp (NL). 
NORDIN, Pontus [SE/SE]; Rattaregatan 2B, S-583 33 
Linkoping (SE). 

(74) Agent: NORBERG, Charlotte; Saab AB, Saab 
Aerospace, Technology Strategy and IPR, S-581 88 
Linkoping (SE). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ (utility model), CZ, DE (utility model), DE, DK (utility 
model), DK, DM, DZ, EC, EE (utility model), EE, ES, FI 
(utility model), FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, 
PT, RO, RU, SD, SE, SG, SK (utility model), SK, SL, TJ, 
TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

— as to applicant 's entitlement to apply for and be granted a 
patent (Rule 4. J 7(H)) for all designations 

— of inventorship (Rule 4. 1 7(iv)) for US only 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: AN ACOUSTIC LINER, USE OF SUCH A LINER AND METHOD FOR MANUFACTURING AN ACOUSTIC LINER 





(57) Abstract: The present invention relates to an acoustic liner (1) arranged to attenuate sound. The acoustic liner (1) comprises 
a top sheet (5) having substantially linear characteristics and a liner core (2) or cavity. The top sheet (5) comprises a layer (3) of a 
metallic foam. The invention also relates to the use of said acoustic liner in a hot stream environment such as the outlet of an aircraft 
engine, and to the manufacture of an acoustic liner. 



WO 03/106263 ^ PTQ 1 0 QEC 2091 ^ ^^MM 



An acoustic liner, use of such a liner and method for manufacturing 
an acoustic liner. 



FIELD OF THE INVENTION 

The present invention relates to an acoustic liner and the manufacture of such 
acoustic liner. It also relates to use of said acoustic liner in a hot stream environment, 
especially in the hot area of an aircraft engine. 



BACKGROUND OF THE INVENTION 

The noise due to aircraft is of critical concern to communities living around airports. 
The aircraft engines are the most significant contributors to the total aircraft noise 

10 during take-off and landing. The contributing sources of engine noise are fan, 
compressor, combustor, turbine and jet. It is known to use acoustic liners in the 
engine inlets of commercial short- medium- and long-range passenger and freight 
aircraft in order to reduce fan noise. The acoustic liners should preferably be linear 
since the linear liners are acoustically more efficient than conventional liners as the 

15 acoustic characteristics of the linear liners are not sensitive to changing flow and 

changing sound pressure levels prevailing in the engine ducts. Conventional liners on 
the other hand have acoustic properties that are extremely sensitive to the flow and 
sound pressure level. 

20 US-A-6 176 964 describes an acoustic liner employable in jet engine housing 
construction for sound absorption. The liner has a solid backing sheet having a 
surface to which is attached a first side of a honeycomb core structure. Attached to 
the opposing second side of the honeycomb core structure is a mesh structure to 
which is attached a perforated face sheet to be exposed to the exterior. The acoustic 

25 liner is designed to have linear properties while at the same time being durable in 
order to fulfill the requirements for use as a noise absorber in aircraft engine inlets 
("cold stream")- The liner is linear within a narrow frequency band. 



30 



US-A-5 175 401 deals with the problem of attenuating a plurality of frequencies 
using a liner comprising a liner core and a top sheet including a mesh structure. The 
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problem is intended to be solved by weaving the mesh into a plurality of different 
determined weave patterns in order to thereby provide a plurality of flow resistances. 
However, in practice it would be almost impossible to design a weave pattern such 
that the liner is capable of attenuating a broad frequency band. Further, the liner can 
5 not withstand high temperatures, and therefore can not be used in hot stream areas of 
aircraft engines. 

With an increased burden from regulatory authorities to reduce aircraft noise, further 
developments of more efficient means to reduce engine noise become highly relevant 

10 and necessary. As stated above, today there are no linear liners available for use in 
hot stream areas of aero engines, since current liner technology regarding linear 
liners for engine intakes ("cold stream") does not meet the thermal and other func- 
tional requirements for the engine exhaust areas. The other functional requirements 
include attenuation of a broad frequency band since the noise in the hot stream areas 

1 5 has a broad frequency spectra. These drawbacks of current liner technology have the 
effect that the noise environment around airports cannot be improved further as 
regards hot stream aero engine noise such as combustion noise. 



20 SUMMARY OF THE INVENTION 

It is one object of the invention to provide an improved acoustic liner which provides 
more design flexibility compared to prior art liners in that the ability of optimizing 
the linear characteristics is improved. It is another object of the present invention to 
provide a liner which is linear not only with respect to flow variations but also with 

25 respect to temperature variations. It is yet another object of the invention to provide a 
liner which can withstand high temperatures and especially which can be used in hot 
stream areas of aircraft engines. 

Therefore according to one embodiment of the present invention an acoustic liner is 
30 provided including a liner core or cavity and a top sheet covering one side of the 

liner core or cavity facing the environment. The term "acoustic liner" is defined as a 
liner arranged to absorb sound, i.e. attenuate sound waves. The liner is characterized 
in that the top sheet comprises a layer of a metallic foam. 
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In the embodiment with a liner core, the liner core is for example a honeycomb core 
or a core of metallic foam. The invention is also applicable to liners where the core is 
substituted with one or more cavities, which can be air-filled The cavities can be 
defined by an internal spar- and rib structure. The liner depth determines the 
5 frequency of attenuation, wherein a thin liner core provides for attenuation of higher 
frequencies while a thick liner core provides for attenuation of lower frequencies. 

In a preferred embodiment of the invention, the top sheet comprises a perforated 
sheet in combination with the foam layer. The perforated sheet strengthens the liner. 
10 In a case where the foam layer is directly attached to the liner core, a surface of said 
foam layer opposite the surface facing the liner core can be attached to the perforated 
sheet. Alternatively the perforated sheet can be sandwiched between the liner core 
and the foam layer. 

15 The metallic foam alone or in combination with the perforate provides the linear 

characteristics to the liner. For instance, the foam cell size, cell distribution, degree 
of open cells, foam density, flow resistance et cetera can be tailored in order to 
provide a linear liner. A commonly used measure for determining the linear charac- 
teristics of a sample with respect to the flow is the so-called non-linearity factor 

20 (NLF) that is defined as the ratio of flow resistance at 200 cm/sec and at 20 cm/sec. 
The non-linearity factor with respect to flow of the inventive acoustic liner is within 
a range between 1 .0 and 3.0 and preferably within a range between 1 .0 and 2.5, for 
example between 1.5 and 2.0. 

25 In accordance with a preferred embodiment of the present invention the foam layer 
itself or after having been joined to the perforate is compressed for example by using 
a hydraulic press. The compression of the top sheet is a very effective way of both 
increasing the acoustic resistance and lowering the non-linearity of the liner with 
respect to flow variations. However, the compression of the top sheet also lowers the 

30 non-linearity of the liner with respect to temperature variations. We herein define a 
measure of the non-linearity of the liner with respect to temperature variations: 
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NLFT = a/50 °° c , wherein R is the flow resistance of a sample tested at M=0.35, 

^at 20°C 

wherein M is the Mach number. 

In order to provide proper linear characteristics with regard to temperature the NLFT 
(non-linearity factor due to temperature) value should lie within a range between 1 
and 1,5. This can be provided also with a not compressed foam layer. 

Compression can advantageously be used in designing a liner with variable impe- 
dance in the same panel. In practice this means that that the pressure is applied to a 
different degree in different areas of the sheet, resulting in different acoustic resis- 
tance values in the top sheet. The advantage of creating variable impedance over the 
top sheet is to have a more broadband" acoustic absorber making the liner more 
effective in various environments such as different flight conditions for aircraft 
engines. Compression of the top sheet can be of gradient type or stepped depending 
on the desired acoustic properties. ? 

The metallic foam can be made of material that can withstand the temperatures of hot 
stream areas and therefore the acoustic liner is especially adapted for use in hot 
stream areas. Herein hot stream areas are defined as areas wherein the service 
temperature is above about 400°C. The liner design does also withstand temperatures 
below 400°C including temperatures well below freezing, e.g. -55°C. In one 
application where the acoustic liner is for use in hot stream areas of aircraft engines, 
i.e. the exhaust areas, the metallic foam is designed to withstand temperatures around 
700°C. Accordingly, the metal foam contains a metal or metal alloy having high 
melting temperature (characteristically about 1400°C-2000°C). Metals which then 
can be used in the foam comprise Nickel, Titanium and Chromium. The acoustic 
liner can also be used in other applications with a different service temperature. 
Then, the metallic foam should be designed for withstanding that temperature and 
accordingly comprise a suitable metal or metal alloy. 

The acoustic liner according to the present invention has a number of advantages 
over the prior art. Firstly, it can withstand hot stream environments. Further, its 
three-dimensional structure increases the design freedom and possibility of optimi- 
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zing the linear properties (acoustic behavior) compared to what is possible with prior 
art liners. Especially, the developed liner technology allows liner designs with 
acoustic characteristics that are independent of both flow and temperature. Moreover, 
the inventive acoustic liner is linear and capable of attenuating sound in a broad 
5 frequency band. This is a very important feature of an acoustic liner for use in hot 
engine exhaust areas, e.g. aircraft engines and other applications wherein the noise 
has a relatively broad spectra. However, the invention is equally applicable to 
suppression of noise in cold applications, such as engine inlets. The inventive 
acoustic liner is light in weight and the cost of manufacture and mounting would be 
1 0 comparable to the costs for liners existing today. Especially the embodiment with a 
compressed top layer constitutes a very simple and cost-effective way of fine-tuning 
and optimizing the acoustic liner to a specific application and it allows for using pre- 
manufactured "off-the shell" top sheets in a variety of applications. 

1 5 The present invention further includes a use of the acoustic liner in a hot stream 
environment such as a hot area of an aircraft engine. 

The present invention also includes a method of manufacturing an acoustic liner, said 
method includes the steps of forming a top sheet including a metallic foam layer and 

20 having substantially linear characteristics and brazing said top sheet onto one side of 
a liner core. The steps do not need to be performed in the described order. On the 
contrary, it may be practical to first braze the top sheet onto the liner core and 
thereafter design the top surface for proper linear characteristics. In a preferred 
embodiment the forming of the top sheet includes brazing a perforated sheet onto the 

25 foam layer. Further, the acoustic liner can be joined to a backing sheet by brazing, 
thereby providing a joint that withstand the hot stream environment. 

DESCRIPTION OF THE DRAWINGS 
30 Fig 1 shows an example of an acoustic liner according the invention. 

Fig 2 shows very schematically an example of a metallic foam sheet according to the 
present invention. 

Fig 3 shows very schematically a side view of another example of a metallic foam 
sheet according to the present invention. 
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PREFERRED EMBODIMENTS 
5 In the figure, a panel 1 is shown in the form of an acoustic liner. The panel 1 is 

designed to withstand hot stream environments and therefore can be used as a noise 
absorber for example in aircraft engine outlets. The panel also can be used in other 
hot environments such as in gas turbine applications. 

1 0 Tne panel 1 comprises a liner core 2 and a top sheet assembly 5 . The core 2 is 

attached to a solid backing sheet 6, which is impervious. The top sheet assembly 5 
includes a layer 3 of a metallic foam and a perforated sheet 4. The liner core 2 is for 
example a conventional honeycomb core made of Titanium, Nickel or Chromium, or 
an alloy including one or more of said metals. However, the honeycomb core can be 

1 5 made of any metal or metal alloy withstanding the hot stream environment (typically 
about 700°C of an aircraft engine). Alternatively, the line core 2 can be made of a 
metallic foam. Metallic foams will be described more in detail below. The thickness 
of the liner core 2 determines in which frequency band the panel 1 attenuates sound. 
A thin core 2 attenuates higher frequencies and a thick core 2 attenuates lower 

20 frequencies. A person skilled in the art can by using simple calculations determine a 
proper thickness of the core in order to attenuate a desired frequency band. The 
acoustic characteristics of the panel 1 originate from the top sheet assembly 5 and 
therefore the design of the liner core 2 is not essential except for the thickness of the 
core, and as long as the core 2 can withstand the hot stream environment. 

25 

The metallic foam layer 3 comprises a metal or a metal alloy withstanding the hot 
stream environment (typically 700° for aircraft engines). For example, Nickel, 
Titanium or Chromium is chosen for the metallic foam. Alternatively a metal alloy is 
chosen, for example including Nickel, Titanium and/or Chromium. The metal foam 
30 is for example in the order 1-3 mm thick with small, open cells. In accordance with 
one embodiment all of the cells are open while in an alternative embodiment only a 
part of the cells are open. The metallic foam layer 3 is brazed to the liner core 2 or 
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attached to it by means of another method giving an attachment withstanding the 
700°C service temperature of the aircraft engine. 

The perforated sheet 4 is made of metal, eg Nickel, Titanium or Chromium. The 
perforated sheet 4 is arranged to strengthen the liner 1 . The perforated sheet 4 has 
non-linear characteristics and its non-linearity is determined by the porosity of the 
perforate. The perforated sheet 4 is brazed to the metallic foam layer 3 or attached to 
it by means of another method not clogging the foam and giving an attachment 
withstanding the 700°C service temperature of the aircraft engine. 



10 



The linearity of the acoustic liner is determined by the linear characteristics of the 
top layer assembly 5; the liner core has, as discussed above, practically no influence 
on the linearity of the liner. A linear liner has a linear behavior both with respect to 
flow variations and with respect to temperature variations. However traditionally 
15 linearity considerations have been focused on the first mentioned aspect. A measure 
of a non-linearity factor (NLF) with respect to flow variations is defined as 



NLF = at200cm/sec wherein R is the flow resistance of a sample tested. 

AV at 20cm /sec 



20 An ideal linear liner has a NLF value of 1 . The foam has a resistance to air flow 

which can be optimized by fine-tuning for example the cell size and the density of 
the metallic foam in order to achieve a substantially linear liner. By performing flow 
resistance tests on samples and modifying the samples in accordance with the results, 
a top sheet assembly 5 can be developed having a NLF value close to 1, for example 

25 in the range 1.5- 2.0. The non-linear characteristics of the perforated sheet is com- 
pensated by the design flexibility of the metallic foam material. In the testing, the 
characteristics of perforated sheet samples could be tested separately and the charac- 
teristics of metallic foam layer samples could be tested separately. The characteris- 
tics of a tested foam layer sample and a tested perforated sheet sample can thereafter 

30 be superposed in order to obtain the characteristics of a potential top sheet assembly. 
The brazing of the perforated sheet onto the metallic foam layer has no effect on the 
acoustic properties of the liner. 
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The linear behavior with respect to temperature variations can be optimized by 
compressing the top sheet assembly. We herein define a measure of the non-linearity 
of the liner with respect to temperature variations: 

5 

NLFT - at500 ° c , wherein R is the flow resistance of a sample tested at M=0 5 35, 
wherein M is the Mach number. 



In order to provide proper linear characteristics with regard to temperature the NLFT 
1 0 value should he within a range between 1 and 1 ,5 . 

The compressed top sheet assembly 5 can be manufactured by applying a pressure on 
an "off the shelf metallic foam sheet and the perforated top sheet 1 using a 
conventional press. The linear characteristics of the top sheet assembly are tested by 
1 5 making temperature resistance tests as described above and the pressing process is 
repeated until the top sheet assembly has desired linear characteristics. The 
compressed top sheet 5 also provides for an increased acoustic resistance. 

In fig 2, the top sheet assembly 5 is divided into areas 5a, 5b, 5c, 5d, wherein a 
20 different pressure has been applied to the different areas. In this way, a top sheet 
assembly can be provided having desired characteristics for a broader frequency 
band. 

In fig 3, the top sheet assembly has been manufactured by applying a pressure 
25 continuously changing over the sheet. 

The herein described top sheet assembly 5 includes the metallic foam layer 3 and the 
perforated sheet 4. However, an acoustic liner with desired characteristics could be 
achieved even without the perforated sheet. Further, in the herein described example 
30 the metallic foam layer 3 of the top sheet assembly is joined to the liner core 2 while 
the perforated sheet 4 faces the environment. This arrangement provides a durable 
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liner. Alternatively, the perforated sheet 4 can be joined to the liner core and the 
metallic foam layer 3 arranged on the opposite side of the perforated sheet. 



# • 
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CLAIMS 



1 . An acoustic liner (1) arranged to attenuate sound, comprising a top sheet (5) 
having substantially linear characteristics and a liner core (2) or cavity, 
characteri-zed in that the top sheet (5) comprises a layer (3) of a 
metallic foam. 

5 

2. An acoustic liner according to claim ^characterized in that the top 
sheet (5) has a non-linearity factor within a range between 1 .0 and 3.0. 

3. An acoustic liner according to claim 2, characterized in that the non- 
10 linearity factor is within a range between 1 and 2.5. 

4. An acoustic liner according to claim 3, characterized in that the non- 
linearity factor is within a range between 1.5 and 2.0. 

15 5. An acoustic liner according to claim ^characterized in that a first 

surface of said metallic foam layer (3) is attached to one side of said liner core 
(2). 

6. An acoustic liner according to claim 1, characterized in that the liner 
20 core (2) is a honeycomb core. 

7. A metallic liner according to claim 1, characterized in that the liner 
core (2) is a core of metallic foam. 

25 8. An acoustic liner according to claim 1, characterized in that the top 

sheet (5) further comprises a perforated sheet (4) attached to the metallic foam 
layer (3). 



30 



9. 



An acoustic liner according to claim ^characterized in that the 
metallic foam layer (3) is arranged to withstand temperatures above about 
400°C. 
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10. An acoustic liner according to claim 9, characterized in that the 

metallic foam layer (3) is arranged to withstand temperatures around 700°C. 

5 1 1. An acoustic liner according to claim 10, characterized in that the 
metallic foam layer (3) comprises a metal or metal alloy including Nickel, 
Titanium and/or Chromium. 

12. An acoustic liner according to claim ^characterized in that the 
10 metallic foam is at least partly open-porous. 

13. An acoustic liner according to claim 1, characterized in that the top 
sheet (5) is compressed. 

15 14. An acoustic liner according to claim 13, characterized in that the top 
sheet (5) is compressed to a different degree in different areas of the sheet. 

15. An acoustic liner according to claim 14, characterized in that the 
degree of compression is stepwise increased/decreased over the top sheet. 

20 

16. An acoustic liner according to claim 14, characterized in that the 
degree of compression is continuously changed over the top sheet. 

17. An acoustic liner according to any of the claims 1 to 16, characterized 
25 i n that the top sheet (5) is designed for attenuating various acoustic 

environments such as different flight conditions for aircraft engines. 

18. Use of a liner according to any of the claims 1-17 in a hot stream environment. 
30 19. Use of a liner according to claim 1 8 in a hot area of an aircraft engine. 



20. Method for manufacturing an acoustic liner (1), characterized in that it 
includes the following steps: 
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forming a top sheet (5) including a metallic foam layer (3) and having 

substantially linear characteristics and 

brazing said top sheet (5) onto one side of a liner core (2). 



5 21 . Method according to claim 20, characterized in that a perforated sheet 

(4) is brazed onto the foam layer (3) in forming the top sheet (5). 

22. Method according to claim 20, characterized in that the top sheet (5) is 
formed through applying pressure to selected areas (5a, 5b, 5c, 5d) of the top 

10 sheet surface. 

23. Method according to claim 22, characterized in that the pressure is 
applied to a different degree in different areas (5a, 5b, 5c, 5d) of the top sheet 

(5) . 



15 



24. Method according to claim 23, characterized in that the pressure 
applied over the different areas is stepwise increased/decreased. 



25. 

20 



Method according to claim 23, characterized in that the pressure 
applied over the different areas is increased/decreased in a continuous manner. 
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